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LIVE  LOADS  ALLOWED  ON  FLOORS. 

A few  articles  have  been  written  at  various  times  in  re- 
gard to  the  proper  live  load  to  be  allowed  as  coming  on  the 
floors  of  buildings  used  for  different  purposes.  These  articles 
have  been  based  largely  on  what  was  at  the  time,  considered 
good  practice,  and  the  writer's  personal  judgement  of  the  prop- 
er allowance  therefore. 

But  in  fact,  some  kinds  of  floor  loads  can  be  determin- 
ed very  accurately,  and  for  others  the  possibility  of  over- 
loading which  may  occur,  make  the  determination  of  these  loads 
more  or  less  indefinite,  so  that  a large  factor  of  safety  is 
imperative  in  providing  for*  this  possible  excess  of  load.  In 
still  other  cases,  these  loads  may  be  suddenly  and  repeatedly 
applied,  and  they  may  be  changed  in  position. 

In  small  buildings  and  those  of  minoi  importance  in  their 
construction,  it  is  not  neccessary  to  determine  closely  the 
possible  live  loads,  which  may  come  on  the  floors.  But  in  the 
case  of  high  office  buildings  and  others  of  the  same  type,  es- 
pecially those  with  steel  skeleton  construction,  the  archi- 
tectural engineer  is  obliged  to  estimate  their  live  loads  very 
accurately,  and  he  may  not  have  at  command  the  surplus  strength 
which  he  is  accustomed  to  use  in  working  on  smaller  or  frame 
buildings , for  an  excess  of  perhaps  ten  pounds  per  square  foot 
on  the  floors  of  a tall  skeleton  building  would  make  a differ- 
ence in  the  cost  of  the  completed  structure,  which  would  amount 
to  thousands  of  dollars.  Thus  it  is  of  vital  importance  that 
the  architect  should  have  an  accurate  understanding  of  the  ac- 
tual live  loads  in  such  structures,  as  well  as  of  the  require- 
ments of  the  local  building  ordinances. 
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It  is  well  known  that  the  usual  practice  in  computing 
stresses  due  to  actual  loads  varies  a great  deal  with  engineers 
and  architects,  and  that  floor  "beams  are  sometimes  made  much 
stronger  than  the  actual  loads  require  to  provide  for  any  ex- 
cessive vibration,  to  prevent  deflection  of  the  ceiling,  and 
often  to  suffice  in  case  of  a changed  use  of  the  structure. 

With  the  purpose  of  settling  some  of  these  frequently 
disputed  questions  of  actual  live  loads,  several  investiga- 
tions have  been  made  by  different  men,  and  the  results  are 
published,  which  are  of  considerable  value  to  the  architect 
in  computing  these  stresses.  Professor  Kernot  of  Victoria  has 
made  some  experiments  on  the  weight  of  a crowd  of  people (see 
American  Architect,  April  15,’ 93.),  in  which  he  packed  six- 
teen young  engineers  of  his  class  into  an  area  of  eighteen 
square  feet,  making  an  average  load  of  134.7  pounds  per  square 
foot.  Mr.Binden  B.  Stoney,  the  author  of  a well  known  book  on 
bridges  and  roofs,  packed  fifty  laborers  weighing  in  all  8404 
pounds  into  an  area  of  fifty-seven  square  feet,  giving  a load 
per  square  foot  of  147.4  pounds.  One  of  the  most  complete  and 
most  practical  experiments  ever  made  was  executed  uhder  the  dir- 
ection of  Mr.  C.  H.  Elackall  of  Boston  (see  American  Architect, 
Aug.  26,* 93),  in  which  three  office  buildings  with  a total  of 
210  offices  were  selected  and  the  average  weights  of  the  var- 
ious articles  entering  into  the  live  load  were  taken.  These  av- 
erage weights  of  furniture  were  the  actual  weights  of  the  diff- 
erent pieces;  weights  of  safes  were  given  by  the  manufacturers; 
average  weights  of  the  books,  partitions,  etc.  were  taken,  and 
the  weights  of  the  occupants  were  included.  Such  data  wherever 
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possible  represents  the  actual  live  loads  existing  in  office 
buildings  of  this  character,  for  the  investigations  we  re  made 
without  the  influence  of  assumed  data,  and  no  attempt  was  made 
to  prove  any  particular  theory  or  assumption.  Benjamin  E.  Win- 
slow, a leading  architectural  engineer  of  Chicago  has  also  com- 
piled several  tables  of  weights  of  actual  live  loads  found  on 
floors  of  various  buildings,  which  are  based  upon  actual  obser- 
vation and  an  experience  extending  over  many  years.  The  values 
given  by  the  tables  are  therefore  in  accordance  with  good  prac- 
tice, and  agree  closely  with  those  of  other  good  authorities 
on  this  subject. 

It  is  the  object  of  this  thesis  to  show  by  a table  compil- 
ed from  the  building  ordinances  of  the  larger  cities  of  the 
United  States,  the  nature  of  the  common  practice,  to  show  if 
possible  why  the  given  values  are  taken,  and  also  to  make  &ppar- 
rent  the  large  differences  in  live  loads  prescribed  in  differ- 
ent cities  for  the  same  types  of  buildings,  in  order  to  lead 
toward  a general  acceptance  of  standard  live  loads  for  the 
floors  of  different  classes  of  buildings. 

DWELLINGS. 

Prom  the  table  of  loads  taken  from  the  city  ordinances, 
it  will  be  evident  hat  the  live  floor  load  required  in  cal- 
culating the  strength  of  floors  of  dwellings  ranges  from  forty 
to  eighty  pounds  per  square  foot.  It  is  conclusively  apparent 
that  the  maximum  load  of  147.4  pounds  per  square  foot  obtain- 
ed by  Mr.  Stoney  in  his  experiment  by  packing  people  into  a 
small  space,  would  be  excessive,  and  that  it  was  an  impossible 
condition,  which  would  certainly  never  occur  in  a residence. 
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In  the  ordinary  dwelling  it  would  he  scarcely  possible  to  find 
an  average  load  of  over  6 0 pounds  per  souare  foot  and  the  poss- 
ibility of  sudd  n concentrations  of  live  load  on  certain  por- 
tions of  the  floor,  or  of  the  concentration  of  an  excessive 
number  of  people  in  one  room,  as  at  a reception,  is  amply  prov- 
ided for  by  the  large  factor  of  safety  used,  which  is  an  im- 
portant consideration  in  all  relating  to  the  strength  of  mat- 
erials. Boarding  houses,  lodging  houses,  tenement  houses,  apart- 
ment houses,  flat  buildings,  and  even  hospitals  and  asylums 
require  the  same  consideration  as  residences  or  dwellings.  As 
a matter  of  fact  these  might  even  be  considered  as  having  small- 
er live  loads  than  residences,  for  the  probability  of  a recep- 
tion being  held  in  a boarding  house,  lodging  house,  etc.  is 
small,  and  thus  taking  everything  into  consideration,  it  would 
appear  that  50  or  60  pounds  per  square  foot  is  sufficient  for 
use  as  the  maximum  live  load  on  floors  of  buildings  of  this 
class . 

SCHOOL  BUILDINGS. 

In  the  ordinances  examined,  the  maximum  live  load  for 
school  buildings  was  100  pounds  and  the  average  was  76  pounds 
per  square  foot.  The  unit  load  in  this  and  other  cases  of  rooms 
with  fixed  seats,  must  actually  be  less  than  in  almost  any  other 
class  of  buildings,  except  in  case  of  a reception  before  the 
seats  are  fixed.  The  ordinary  school  room  is  designed  to  seat 
fifty  pupils  who  weigh,  on  an  average,  125  pounds  each  in  high 
school;  making  a total  of  6250  pounds.  The  usual  average  of 
floor  area  per  pupil  is  taken  at  about  16  square  feet,  or  800 
square  feet  for  the  total  floor  space.  Thus  making  an  average 
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live  load  due  to  pupils  of  only  7.81  pounds  per  square  foot. 
Allowing  for  any  concentrated  loads  which  might  come  on  the 
floor  and  taking  into  consideration  a sudden  crowding  of  pupils 
for  a short  time,  50  pounds  per  square  foot,  and  also  applying 
the  deflection  formula,  may  be  taken  as  an  ample  allowance  for 
live  load  to  be  used  in  calculating  the  floors  of  a school 
building . 

CHURCHES . 

In  the  case  of  churches,  the  conditions  are  much  the  same 
as  in  schools  except  the  average  weight  of  persons  occupying 
the  pews  is  more  than  the  average  weight  of  pupils  in  a school. 
Taking  this  into  consideration  and  the  fact  that  at  weddings, 
funerals,  etc.  churches  are  oftentimes  packed  to  the  limit,  80 
pounds  per  square  foot  will  be  amply  sufficient  as  a basis  for 
calculation  of  the  strength  of  floors. 

HOTELS . 

Hotels,  although  open  to  the  public,  are  rarely  subject- 
ed to  an  extreme  loading,  except  in  the  lobbies,  dining  rooms 
and  corridors.  In  these  places  the  live  load  may  be  safely  as- 
sumed as  100  pounds  per  square  foot,  which  allows  a factor  of 
safety  amply  sufficient.  In  the  various  rooms,  parlors,  private, 
etc.  the  same  live  loads  may  be  assumed  as  for  residences,  to 
which  these  rooms  are  similar  in  purpose. 

THEATRES  AND  MUSIC  HALLS. 

The  question  of  theatres  and  music  halls  has  been  inves- 
tigated by  C.  H.  Blackall , ( see  American  Architect , Aug. 26 ,' 93 . ) 
and  he  has  observed,  having  repeatedly  counted  the  number  of 
persons  in  various  portions  of  theatres  and  music  halls,  that 
the  average  load  per  square  foot  is  not  more  than  40  or  50 
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pounds  per  square  foot,  and  that  the  maximum  unit  load  on  the 
spans  of  beams  is  much  less,  in  one  case  being  as  low  as  10 
pounds  per  square  foot.  He  gives  as  an  example  the  Bowdoin 
Square  theatre  of  Boston;  area,  3450  square  feet.  Taking  from 
this  area  696  square  feet  of  aisles  and  561  square  feet  of 
standing  room  at  the  rear  of  the  orchestra  circle  leaves  1693 
square  feet  as  the  seating  area.  There  were  605  seats,  weighing 
20  pounds  each  and  20  pounds,  the  actual  live  load  with  each 
seat  occupied,  would  average  but  26  pounds  per  square  foot.  If 
the  floor  beams  were  15  feet  on  centers  and  the  audience  was 
crowded  into  the  aisles  and  standing  room,  which  would  be  al- 
most impossible,  the  load  would  be  nearly  50  pounds  per  square 
foot,  and  were  it  possible  to  pack  in  the  people  as  did  Mr. 
Stoneyin  his  experiments,  the  maximum  load  on  the  beam  would 
be  only  93  pounds  per  square  foot.  Thus  if  100  pounds  live  load 
per  square  foot  Is  used  to  calculate  the  strength  of  theatre 
floors,  it  may  be  seen  that  an  adequate  factor  of  safety  is  in- 
cluded to  provide  for  the  weight  of  all  structural  materials. 
STORES . 

The  question  of  the  average  live  load  on  the  floors  of 
ordinary  retail  stores,  stores  where  heavy  materials  are  on- 
sale,  storehouses  or  warehouses  for  both  light  and  heavy 
goods,  light  and  heavy  manufactories,  can  hardly  be  speci- 
fied in  an  ordinance  with  any  great  accuracy,  on  account  of  the 
ambiguity  of  the  meaning  of  "light**  and  "heavy”  and  the  diffi- 
culty of  determining  the  definite  limits  of  either.  While  it 
is  true  that  many  ordinances  specify  definite  loadings  under 
these  terms,  still  this  is  only  to  establish  a maximum,  and 
practically  every  building  of  this  nature  has  to  be  specially 
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and  the  class  of  the  people  that  would  occupy  the  rooms. 
ARMORIES  AND  DRILL  HALLS. 

Armories,  drill  halls,  and  dance  halls  must  he  calculat- 
ed for  more  than  the  act  ial  live  load  which  occurs  on  their 
floors.  The  important  item  to  he  considered  here  is  indeed, 
the  effect  of  impact  or  shock. The  special  allowance  for  impact 
in  a drill  hall  is  usually  made  hy  adding  a certain  propor- 
tion of  the  live  load.  Taking  25^  as  a reasonable  allowance 
for  effect  of  impact  in  a dance  hall,  adding  this  to  the  100 
pounds  per  square  foot,  taken  as  a reasonable  quiet  live  load 
for  an  assembly  hall,  this  gives  125  pounds  per  square  foot, 
which  is  also  a very  liberal  calculation  basis  for  the  floor. 

The  average  of  the  loads  prescribed  by  the  ordinances  is 
somewhat  smaller  for  dance  halls  than  for  drill  halls.  This  is 
correct,  for  the  weight  of  the  equipment,  the  uniform  time, 
and  the  concentration  and  shock  of  a company  while  drilling 
causes  a much  greater  stress  than  that  produced  by  dancers. 
Moving  cannon  over  the  floors  of  a drill  hall  also  causes 
heavy  concentrated  loads,  and  allowing  for  this  by  assuming 
150  pounds  per  square  foot,  would  appear  to  be  a reasonable 
basis  for  calculation.  Further,  the  effect  on  joists  and  floor 
of  the  entireweight  of  the  cannon  concentrated  at  two  points 
must  also  be  considered. 

RIDING  SCHOOLS. 

The  calculation  of  the  floors  of  a riding  school  is 
based  on  the  same  principal  as  that  of  a drill  hall- or  dance 
hall,  and  when  the  fact  that  although  horses  are  heavier  than 
men,  they  are  not  so  close  together,  and  their  movements  are 
less  concerted  than  those  of  persons  in  a drill  or  dance  hall, 
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it  will  "be  evident  that  these  three  classes  of  halls  may  he 
calculated  for  practically  the  same  live  load  per  square  foot. 
PRIVATE  OR  FUELIC  STABLES. 

For  private  stables,  the  table  of  ordinances  shows  about 
40  or  GO  pounds  per  square  foot  to  be  used.  A carriage  horse 
weighs  from  1100  to  1200  pounds  and  occupies  about  50  square  feet 
which  would  make  the  actual  live  load  only  24  pounds  per  square 
foot.  A carriage  weighs  from  GOO  to  800  pounds  and  occupies 
from  GO  to  60  square  feet,  making  the  load  12  to  15  pounds  per 
square  foot  for  the  carriage.  Thus  when  allowance  for  shock 
caused  by  the  motion  of  the  horses  is  made , 40  pounds  per  scuare- 
foot  is  about  the  maximum. 

Public  stables  are  required  to  have  a much  larger  allow- 
ance for  live  loads.  Eut  when  one  considers  that  there  is  prob- 
ability of  a large  number  of  horses  being  brought  together  at 
a public  sale  and  that  buyers  and  salesmen  assembled  there 
cause  a greater  load  than  would  ordinarily  occur,  the  load  of 
80  pounds  specified  by  the  Cleveland  ordinances  does  not  seem 
excessive . 

Of  course  the  question  of  moving  loads  is  still  an  open 

I 

one,  no  records,  or  data  of  any  actual  tests  being  available; 
the  correct  load  to  assume  in  these  cases  is  one  which  has 
been  found  by  experience  and  observation  to  be  as  nearly  cor- 
rect as  possible. 

Automobiles  of  the  present  day  rarely  weigh  4000  pounds 
and  occupy  a floor  area  of  about  5f-  6”  by  10'-  0",  or  66 
square  feet,  making  a load  per  square  foot  of  66.6  pounds.  In 
this  case  the  allowance  for  shock  may  be  less  than  that  used 
for  horses,  so  that  the  load  of  80  pounds  per  square  foot  spec- 
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ified  "by  the  Cleveland  ordinance  will  he  amply  sufficient  for 
the  live  load  to  he  used  in  calculating  the  floor  of  a garage. 
MACHINE  SHOPS  AND  MILLS. 

The  live  loads  for  machine  shops  and  mills  are  again 
still  indeterminate,  depending  on  the  kind  of  machinery,  it’s 
weight,  etc.  to  he  employed  in  the  shop  or  mill.  Here  again, 
the  designer  must  ascertain  beforehand  just  what  will  he  placed 
on  the  floor  and  its  weight,  then  using  this  data  for  calculat- 
ing for  each  individual  building.  Again  in  this  case,  the  build, 
ing  inspector  must  see  that  greater  loads  are  not  imposed  on 
the  floor-  than  those  for  which  they  were  designed. 

OFFICE  BUILDINGS . 


One  of  the  most  important  classes  of  buildings  to  he  con- 
sidered, on  account  of  the  modern  steel  skeleton  construction, 
is  the  office  building,  and  the  investigations  made  by  C.  H. 
Blackall  of  Boston  (see  American  Architect,  Aug.  26,' 90)  to  de- 
termine the  actual  live  loads  on  the  floors  of  office  buildings 
constitute  the  best  practical  data  for  solving  the  problem  of 
live  load  on  floors  that  we  have. 

Three  large  office  buildings  in  Boston  were  selected  for 
the  examination.  The  buildings  were  examined  very  carefully, 
each  office  successively,  the  dimensions  of  the  rooms  being 
taken,  the  nature  of  occupancy  and  of  the  contents  were  noted. 
The  following  average  weights  of  articles  of  furniture  were 
obtained: 

Persons,  — 150  pounds. 

Books  ( per  running  foot  ) -including  case- 1C  u 

Roll  top  desks- 250  ” 


Flat 
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Tables 75  pounds. 

Chairs 15  " 

Radiators  ( per  running  foot)  100  " 

5 Letter  press,  including  case, 100  " 

Toilet  wardrobes  150  " 

Folding  screen 10  " 

Typewriter 25  " 

Glazed  partitions,  per  running  foot, 75  11 

Sofas 50  " 

Chests,  per  foot  of  length, 15  " 

Telephone  stand  25  " 

Counters,  per  foot,  50  " 

Open  rail,  per  foot, — 3 ” 

Steel  box  safes  — 2500  " 

Persons  were  averaged  at  150  pounds  each,  although  this 
is  more  than  the  average  of  a miscellaneous  crowd  of  people. 

The  greatest  number  of  persons  in  each  office  at  any  one  time 
was  ascertained  from  the  respective  tenants  and  this  was  prob- 
ably exceeded  rather  than  underestimated.  The  sum  of  the  assum- 
ed weights  of  the  various  contents  was  computed  and  the  weights 
per  square  foot  in  the  individual  offices  and  the  average  weights 
per  square  foot  in  the  entire  building  were  calculated.  The 
highest  live  load  found  was  40.2  pounds  per  square  foot,  and 
the  lowest  was  5 pounds  per  square  foot.  In  only  12.4^  of  the  of- 
fices was  the  average  load  greater  than  25  pounds  per  square 
foot . 

Tables  of  weights  made  up  by  C.  H.  Blackall  from  tests. 
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An  average  for  ten  of  the  offices  with  the  heaviest  floor 
loads  w as  33.3  pounds  per  square  foot.  The  tenants  of  the  210 
offices  were  as  follows: 

Lawyers  , 3 13 

Real  Estate, 31 


Stenographers 


— 7 


Architects, 7 

Manufacturing  Companies,  15 

Railroads,  10 

Brokers , 5 

Insurance , 3 

Banks  , — 3 

Miscellaneous,  18 

The  lawyers'  offices  were  most  numerous  and  were  most 
heavily  loaded  on  account  of  the  number  of  safes  and  the  quan- 
tities of  law  hooks  required  by  each  lawyer. 

Of  course  the  loads  specified  by  the  building  ordinances 
are  not  intended  to  represent  the  actual  live  loads  on  a floor, 
but  they  are  designed  to  contain  a certain  factor  of  safety. 
They  also  guard  against  an  injurious  deflection  of  the  ceiling 
and  so  they  are  made  sufficiently  large  to  prevent  any  undue 
vibration.  Floors  are  also  expected  to  act  somewhat  as  horiz- 
ontal wind  bracing.  This  fact  accounts  for  the  seeming  discrep- 
ancy between  the  actual  live  load  on  a floor  and  the  live  load 
required  by  an  ordinance.  These  loads  also  provide  for  a reas- 
onable change  in  the  use  of  a building. 

In  this  thesis  it  is  not  my  intention  to  criticize  the 
usual  requirements,  for  the  live  loads  specified  in  the  various 
ordinances  result  from  much  thought  and  labor  by  the  builders. 
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architects,  and  engineers  who  prepared  such  ordinances.  Rather 
it  is  my  purpose  to  illustrate  the  diversity  of  opinions  and 
of  practice  in  many  cases,  and  to  endeavor  to  reach  some  com- 
mon basis,  whereby  specified  live  loads  may  be  made  more  nearly 

uniform  in  all  ordinances. 

It  is  further  evident  that  these  building  ordinances  of  the 
various  cities  should  be  uniformly  harmonized  for  the  entire 
country,  perhaps  on  the  basis  of  the  excellent  model  code  pre- 
pared for  this  purpose  by  the  executive  committee  of  the  Under- 
writers Association  of  Mew  York  City.  To  show  this  existing 
need  is  one  of  the  chief  aims  of  this  thesis. 
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LIVE  LOADS  ON  FLOORS 

L B <S.  PER  5Q.  FT 

FROM  BUILDING  ORDINANCES 
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